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1
LED LIGHTING DEVICE

TECHNICAL FIELD

The present invention relates to an LED lighting device for
lighting an LED (Light Emitting Diode) used as a light source
for vehicle-mounted head lamp and the like.

BACKGROUND ART

In place of a conventional halogen lamp, a long-life and
maintenance-free LED has been popular as a light source
used for a vehicle-mounted head lamp. Since the LED has a
long life and can ensure required brightness with lower
power, and further can keep almost stable brightness by
simple control that supplies a constant current thereto, it is
suitable for a vehicle-mounted light source.

In addition, since the LED generally exhibits a constant
voltage characteristic during lighting, which makes it difficult
to control an amount of emission thereof based on an appli-
cation voltage, it is typical to carry out the lighting through the
use of a lighting device of constant-current control that out-
puts a constant current.

Incidentally, when the LED is under lighting with the light-
ing device of constant-current control, if the LED or a wiring
for connecting the LED is disconnected, the lighting device
increases an output voltage thereof in order to keep an output
current thereof constant, so that excessive charges are accu-
mulated in a smoothing capacitor of a DC/DC converter. In
the case where the disconnection is restored in such a situa-
tion, an excessive current due to the charges discharged by the
smoothing capacitor is electrified to the LED when the output
current starts to flow, which may deteriorate the LED due to
the over-current.

It is known that the disconnection and restoration (namely,
intermittence) is induced by vibrations of the vehicle, for
example, when the connection of a wiring or a connector is
incomplete, and for a configuration coping with the intermit-
tent connection, Patent Documents 1 to 4, for example, are
proposed.

In Patent Document 1, a lighting circuit for lighting an
LED includes a DC/DC inverter whose switching regulator
applies to the LED an output voltage based on a source
voltage received from a DC power source externally provided
to thereby feed a supply current to the LED, and an abnor-
mality of the lighting circuit is detected based on at least one
of'the output voltage, supply voltage and source voltage of the
switching regulator, to thereby stop the switching regulator
from outputting. In particular, when the abnormality is
detected based on the source voltage, the output voltage of the
switching regulator is decreased or stopped, and when the
abnormality becomes undetected, the operation of the switch-
ing regulator is restarted.

In Patent Document 2, in a lighting control device for
lighting an LED, in the event that a chattering phenomenon
such that a lead wire connected with the LED is released from
a contactor and then connected with the contactor again, in
order to avoid a matter that an over-current flown in the LED
causes a failure thereof, the over-current is suppressed in such
amanner that a resistor is connected in series when the current
supplied from a switching regulator to the LED is in a tran-
sient state. In addition, the device includes an NMOS transis-
tor for bypassing the resistor connected in series during a
normal lighting.

In Patent Document 3, a driving device for lighting an LED
includes a voltage clamp unit that is connected in parallel to
an output unit of a DC/DC converter, and that suppresses an

10

15

20

25

30

35

40

45

50

55

60

65

2

abnormal voltage when a voltage supplied from the DC/DC
converter to the LED varies temporarily due to disconnection
or the like.

In Patent Document 4, in a lighting device serving to
reduce the brightness of an LED by intermitting a current
flown through the LED connected to the output side of a
DC/DC converter, an NMOS transistor for intermittence is
designed to have a constant-current characteristic in order to
suppress an overshoot current produced in an intermittent
operation.

PRIOR ART DOCUMENTS
Patent Documents

Patent Document 1: Japanese Patent Application Laid-open
No. 2004-134147 (paragraphs [0043] to [0045])

Patent Document 2: Japanese Patent Application Laid-open
No. 2007-126041

Patent Document 3: Japanese Patent Application Laid-open
No. 2009-272569 (paragraph [0009])

Patent Document 4: Japanese Patent Application Laid-open
No. 2008-205357

SUMMARY OF THE INVENTION

According to Patent Document 1, even though an excessive
current at the time of the occurrence of a continuous abnormal
situation can be suppressed, an excessive current electrified to
the LED for a short time cannot be suppressed. Also, with the
configuration of Patent Document 1, there is a problem, as
indicated in Patent Document 3, such that a light output is
lowered due to improper detection of abnormality caused by
electrical noises, and the following false operation is unavoid-
able: if the output of the switching regulator is stopped by one
over-current detection, the lighting is turned off even in a case
of a temporal intermittence or the like.

The above Patent Documents 2 and 3 are configured to
control the supply current in order not to be excessive when
the wiring connected to the LED is disconnected, and Patent
Document 4 is configured to suppress the occurrence of an
overshooting during the intermittent operation; however,
these are structurally configured such that no over-current
flows even when the wiring connected to the LED is discon-
nected. In any of these Patent Documents 2 to 4, in order to
suppress the over-current produced under the abnormal situ-
ation, a component or an auxiliary circuit for current limita-
tion is added thereto; thus, there is a problem such that the
product is enlarged, so that the cost is also increased.

The present invention is made to solve the aforementioned
problems, and an object of the invention is to provide an LED
lighting device that suppresses the deterioration ofan LED by
controlling an over-current at the time of restoration from
disconnection without an additional component, and also
avoids an extinction thereof due to a false operation by check-
ing whether the disconnection is transient or continuous.

Means for Solving the Problems

An LED lighting device according to the invention
includes: a power source unit that converts a voltage supplied
from a power source to a voltage for lighting an LED; a
current detection unit that detects an output current electrified
from the power source unit to the LED; a voltage detection
unit that detects an output voltage applied from the power
source to the LED; and a control unit that controls an opera-
tion of the power source unit, wherein the control unit causes
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the power source unit to repeat a temporary stop and a tem-
porary operation, in either one or both of the cases where the
output current detected by the current detection unit is
decreased and where the output voltage detected by the volt-
age detection unit is increased during a normal operation of
the power source unit, checks either one or both of the
detected current and the detected voltage at each time of the
corresponding temporary operation, causes the power source
unit to normally operate if either one or both of the decreased
output current and the increased output voltage is not detected
any longer before a predetermined number of times of the
repetition or a predetermined period of time is reached, and
causes the power source unit to stop continuously if either one
or both of the decreased output current and the increased
output voltage are detected even when the predetermined
number of times of the repetition or the predetermined period
of time is reached.

Effect of the Invention

According to the invention, since it is configured that if
either one or both of the decreased output current and the
increased output voltage are detected, an occurrence of dis-
connection is determined, and that the power source unit is
first stopped temporarily, it is possible to suppress an over-
current at the time of the restoration from the disconnection
without an additional component, thereby suppressing the
deterioration of the LED due to the over-current. Subse-
quently, it is configured that the temporary stop and tempo-
rary operation of the power source unit are repeated, and that
the power source unit is stopped continuously if the discon-
nection is not restored even when the predetermined number
of times of the repetition or the predetermined period of time
is reached, thereby avoiding the extinction of the light due to
a false operation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a configuration of an
LED lighting device according to Embodiment 1 of the
present invention.

FIG. 2 is a diagram for illustrating changes in output volt-
age and output current at the time of the occurrence of a
disconnection in a case of no means for suppressing an over-
current.

FIG. 3 is a flowchart showing an operation of the LED
lighting device according to Embodiment 1.

FIG. 4 is a flowchart showing a disconnection detection
process of the LED lighting device according to Embodiment
1.

FIG. 5 is a diagram for illustrating an operation at the time
of the occurrence of a short transient disconnection of the
LED lighting device according to Embodiment 1.

FIG. 6 is a diagram for illustrating an operation at the time
of'the occurrence of a slightly longer transient disconnection
of the LED lighting device according to Embodiment 1.

FIG. 7 is a diagram for illustrating an operation at the time
of the occurrence of a continuous disconnection of the LED
lighting device according to Embodiment 1.

FIG. 8 is a flowchart showing an operation of an LED
lighting device according to Embodiment 2 of the invention.

FIG. 9 is a diagram for illustrating an operation at the time
of'the occurrence of a slightly longer transient disconnection
of'an LED lighting device according to Embodiment 3.
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4
BEST MODE FOR CARRYING OUT THE
INVENTION

In the following, in order to describe the present invention
in more detail, embodiments for carrying out the invention
will be described with reference to the attached drawings.

Embodiment 1

An LED lighting device 1 shown in FIG. 1 is a device for
lighting an LED light source 4 by using a DC voltage from a
DC power source 2, and includes a DC/DC converter 3, a
voltage detection unit 5, a current detection unit 6, a control
unit 7, a storing unit 8 and an output interface (hereinafter,
abbreviated to “I/F”) 9. The DC power source 2 is a power
source for supplying a DC voltage to the DC/DC inverter 3,
and the DC voltage to the DC/DC inverter 3 is supplied or shut
off by a power switch 2a. The LED light source 4 is consti-
tuted by connecting a plurality of LEDs in series and is
connected to the LED lighting device 1 through a connection
wiring 11. In Embodiment 1, a case where the LED light
source 4 is applied to a vehicle-mounted head lamp is
described by way of example. A failure-state display device
10 is what is called a telltale, and is installed inside an instru-
ment-panel that is assembled to a dashboard.

The DC/DC converter (power source unit) 3 is constituted
by a transformer 3a, a switching element 35 including a
MOS-type field effect transistor, a rectifying diode 3¢ and a
smoothing capacitor 3d. By the DC/DC converter 3, the volt-
age supplied from the DC power source 2 is converted to a
voltage for lighting the LED light source 4. In the DC/DC
converter 3, the switching element 35 is switching-controlled
by an output signal from the control unit 7 to store magnetic
energy in the transformer 3a, and when the energy is dis-
charged, the voltage generated in the transformer 3a is recti-
fied by the rectifying diode 3¢ and smoothed by the smooth-
ing capacitor 3d to thereby produce a DC voltage.

The voltage detection unit 5 measures the voltage applied
to the LED light source 4. The current detection unit 6 detects
the current electrified to the LED light source 4. The storing
unit 8 stores a current value and a voltage value (abnormality
determination values L,,, and V,,,,. described later) that are
required to detect a disconnection of the connection wiring
11.

The control unit 7 is constituted by a microcomputer hav-
ing a CPU, and performs calculation to control the DC/DC
converter 3, and also informs the external failure-state display
device 10 of an occurrence of abnormality on the LED light
source 4 through the output I/F (output unit) 9. In order to
supply to the LED light source 4 a predetermined value of
current for achieving an amount of luminescence required as
a light source for the head lamp, the control unit 7 supplies to
the switching element 35 of the DC/DC converter 3 a PWM
(Pulse Width Modulation) control output so that the output
current to the LED light source 4 detected by the current
detection unit 6 is kept constant. Further, the control unit 7
detects a continuous disconnection of the connection wiring
11 and stops the DC/DC converter 3 to thereby extinguish the
LED light source 4. The details will be described later.

FIG. 2 illustrates a diagram for illustrating changes in
output voltage and output current thereof at the time of the
occurrence of a disconnection on the assumption that the
LED lighting device 1 has no means for suppressing an over-
current. FIG. 2(a) shows a connection state of the connection
wiring and an operation state of the DC/DC converter 3; FI1G.
2(b) shows a change in the output voltage applied to the LED
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light source 4; and FIG. 2(c) shows a change in the output
current electrified to the LED light source 4.

In the case of a common LED lighting device having a
configuration to light the LED light source 4 by supplying a
constant current thereto with the use of the DC/DC converter
3 including the smoothing capacitor 34, when the connection
wiring 11 connected to the LED light source 4 is discon-
nected, the output voltage is increased while charges are
stored in the smoothing capacitor 3d of the DC/DC converter
3, as shown in FIG. 2(4). In such a situation, when the con-
nection wiring 11 is connected thereto again, as shown in
FIG. 2(c), the charges stored in the smoothing capacitor 3d
are flown into the LED light source 4 to cause the over-
current, resulting in deterioration of the LEDs.

In particular, in a case where the LED light source 4 is
applied to the vehicle-mounted head lamp, if there is an
insufficient contact with a connector joining portion for con-
necting the LED lighting device 1 and the LED light source 4,
an intermittence is likely to occur due to shake by vibrations
of'the vehicle body. Note that a high-brightness LED for the
head lamp is electrified by a large current to thus have a small
margin for the over-current, and therefore the deterioration
with respect to the over-current is large.

In order to suppress the over-current, it is considered to
newly add a component for limiting the over-current thereto,
in addition to the components constituting the DC/DC con-
verter 3, as in Patent Documents 2 to 4 discussed previously;
however, a product may be increased in size due to the addi-
tion of the components, resulting in rising cost thereof.

Further, as discussed in Patent Document 1, when it is
contemplated to stop the output of the DC/DC converter 3 if
one over-current is detected, there is a possibility to extin-
guish the light due to a false operation.

Therefore, in the LED lighting device 1 according to
Embodiment 1, the control unit 7 causes the DC/DC converter
3 to immediately stop when the output current is shut off due
to the disconnection, and further causes the DC/DC converter
3 to repeat a temporary stop and a temporary operation a
predetermined number of times (for example, ten times) in
order to check whether the shut-off of the output current is
transient or continuous; if the shut-off is determined to be a
one-shot, transient one, the lighting is continued without per-
forming a particular operation as it stands, and if it is deter-
mined to be a continuous one, the DC/DC converter 3 is
stopped to extinguish the LED light source 4.

Next, an operation of the LED lighting device 1 according
to Embodiment 1 will be described with reference to a flow-
chart shown in FIG. 3.

An ON operation of the power switch 2a starts supplying a
DC voltage, and the control unit 7 first performs an initial
process after the LED lighting device 1 starts alighting opera-
tion (Step ST1). Specifically, a rated output current (for
example, 500 mA) and a forward voltage (for example, 20 V)
of'the LED light source 4 are set as set values (set current L.
and set voltage V) for constant current control, respectively.
Further, the control unit 7 includes first to third timers counted
by the CPU with the use of, for example, a clock signal, and
resets the respective values of the first to third timers in the
initial process.

The control unit 7 repeats a setting of alighting operation
for the LED light source 4 and a disconnection detection of
the connection wiring 1 for each 100 psec (Steps ST2 to ST6).

The first timer is a timer for counting 100 psec. The control
unit 7 increments the count value of the first timer until it
reaches 100 psec (Steps ST2 and ST3) and resets the timer
once it reaches 100 psec (Step ST3 “YES”, and ST4). Sub-
sequently, the control unit 7 controls the DC/DC converter 3
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6

in order to output the set current L, that is, to bring the output
current detected by the current detection unit 6 to the set
current L. (Step ST5).

In Step ST6, the control unit 7 performs a disconnection
detection process based on the output voltage detected by the
voltage detection unit 5 and the output current detected by the
current detection unit 6. Here, the details of the disconnection
detection process in Step ST6 will be described with refer-
ence to a flowchart shown in FIG. 4.

First, the output current is measured by the current detec-
tion unit 6 (Step ST6-1), and then the control unit 7 detects a
decrease (or shut-off) of the output current (Step ST6-2). In
this example, the abnormality determination value L, for
disconnection detection is given as one-tenth relative to the
set current L; it is determined “existence of disconnection”
(Step ST6-5) if the output current is the abnormality determi-
nation value L, or less (Step ST6-2 “YES”).

On the other hand, if the output current is larger than the
abnormality determination value L, (Step ST6-2 “NO”), itis
assumed absence of disconnection; subsequently, the output
voltage is measured by the voltage detection unit 5 (Step
ST6-3), and the control unit 7 detects an increase of the output
voltage (Step ST6-4). This is because the disconnection can
be also detected by the detection of the increase of the output
voltage, as well as the above detection of the shut-off of the
current, since the shut-off of the output current naturally
increases the output voltage.

In this example, the abnormality determination value V .
is given as 1.1 times relative to the set voltage V, and it is
determined “existence of disconnection” (Step ST6-5) if the
output voltage is the abnormality determination value V. or
more (Step ST6-4 “YES”). On the other hand, if it is less than
the abnormality determination value V,,, (Step ST6-4 “NO”),
it is assumed absence of disconnection.

In this connection, it should be implemented by a configu-
ration such that when the abnormality determination values
L, and V,, calculated in advance are stored in the storing
unit 8, the control unit 7 uses the values by reading out them.

Also, in FIG. 4, it is contemplated that the existence or
absence of the disconnection is determined by the detections
of the decrease in the output current and the increase in the
output voltage; however, the existence or absence of the dis-
connection may be determined by the detection of only either
one of them.

When the disconnection is detected by performing the
disconnection detection process shown in FIG. 4 (Step ST7
“YES” in FIG. 3), the control unit 7 subsequently repeats the
temporary stop and temporary operation of the DC/DC con-
verter 3 ten times and determines whether the disconnection
is transient or continuous (Steps ST8 to ST16).

The second timer is a counter that counts the number of
repetitions (repeat count) of the temporary stop and tempo-
rary operation of the DC/DC converter 3, and the control unit
7 increments the count value of the second timer until it
reaches ten (Steps ST8 and ST9).

In order to avoid an over-current at the time of a restoration,
when the disconnection is detected, the control unit 7 first
causes the DC/DC converter 3 to stop temporarily (Step
ST10).

The third timer is a timer that counts a temporarily stopping
time (for example, 1 msec) of the DC/DC converter 3; the
control unit 7 increments the count value of the third timer
until it reaches 1 msec (Steps ST11 and ST12), and resets the
third timer when it reaches 1 msec (Steps ST12 “YES”,
ST13). Then, in the following Step 14, for the check of con-
duction, the DC/DC converter 3 is temporarily operated, and
controlled so that the set current L is output.
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During the temporary operation, the control unit 7 per-
forms the disconnection detection process again (Step ST15),
and if the disconnection is detected (Step ST16 “YES”), the
flow returns to Step ST8. The disconnection detection process
in Step ST15 is the same as that in Step ST6.

As mentioned above, while the temporary stop and the
temporary operation of the DC/DC converter 3 are repeated
ten times, if a steady state of lighting is established, the
disconnection becomes undetected in Step ST 15 (Step ST16
“NO”); thus, the disconnection detected in the previous Step
ST6 can be determined to be transient. Therefore, the control
unit 7 performs no particular control and resets the second
timer (Step ST17), and executes a normal operation by return-
ing to Step ST2.

On the other hand, even when the temporary stop and
temporary operation of the DC/DC converter 3 are repeated
ten times, if the steady state of lighting is not established and
the disconnection is still detected (Step ST9 “YES”), the
control unit 7 determines that the disconnection detected in
the previous Step ST6 is continuous and that an abnormal
situation occurs; in the following Step ST18, the DC/DC
converter 3 is stopped continuously, and in Step ST19,
informs the failure-state display device 10 of the disconnec-
tion information through the output I/F 9.

It is noted that when the DC/DC converter 3 is stopped
continuously due to the abnormal situation, the control unit 7
uses an OFF of the power switch 2a as a cancellation condi-
tion, and maintains the stopped state of the DC/DC converter
3 until the power supply from the DC power source 2 is
stopped. As a result, the head lamp is prevented from blinking
even if a chattering phenomenon and the like occurs during
the time of from the determination of the abnormal situation
to the stop of the power supply from the CD power source 2.
Further, in a case where there exists a transient disconnection
that is longer than a period of time required for repeating the
temporary stop and the temporary operation of the DC/DC
converter 3 a predetermined number of times, it is determined
an abnormal situation, and the head lamp is extinguished, but
the lamp is lighted again when the power switch 2a is
ON/OFF operated.

FIG. 5 is a diagram for illustrating an operation of the LED
lighting device 1 of Embodiment 1 at the time of the occur-
rence of a short transient disconnection.

In a steady state of lighting, when detecting the disconnec-
tion, the control unit 7 first stops temporally the output of the
DC/DC converter 3 to avoid an accumulation of charges in the
smoothing capacitor 3d. Thereafter, in order to check whether
the shut-off of the output current is transient or continuous,
the control unit 7 causes the DC/DC converter 3 to repeat the
temporary stop and temporary operation, resulting in execut-
ing the check process. In this example, the disconnection is
restored during a first temporary stop, and a restoration from
the disconnection is detected by the following first temporary
operation, so that the control unit 7 completes the repetition of
the check process and maintains the steady state of lighting as
it stands.

FIG. 6 is a diagram for illustrating an operation of the LED
lighting device 1 of Embodiment 1 at the time of the occur-
rence of a slightly longer transient disconnection.

If the disconnection is not restored even when each of the
temporary stop and temporary operation of the DC/DC con-
verter 3 is performed once, then the second temporary stop
and temporary operation is performed. In this example, the
disconnection is restored during the second temporary stop,
and the restoration from the disconnection is detected by the
following second temporary operation, so that the control unit
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7 completes the repetition of the check process and maintains
the steady state of lighting as it stands.

FIG. 7 is a diagram for illustrating an operation of the LED
lighting device 1 of Embodiment 1 at the time of the occur-
rence of a continuous disconnection.

If the disconnection is not restored even when each of the
temporary stop and temporary operation of the DC/DC con-
verter 3 are repeated ten times, the control unit 7 determines
an existence of an abnormal situation, stops the DC/DC con-
verter 3 continuously and also outputs to the failure-state
display device 10 disconnection information indicating an
occurrence of the abnormal situation.

In FIG. 5 to FIG. 7, the DC/DC converter 3 is stopped
temporarily upon the occurrence of the disconnection, and
hence charges are not accumulated in the smoothing capaci-
tor 3d, so that no over-current flows at the time of the resto-
ration. Further, in the check process, the period of time for
each temporary stop is 1 msec, which is short, and hence the
illumination intensity of the LED light source 4 is almost
unchanged in the case of the transient disconnection.

From the above, the LED lighting device 1 according to
Embodiment 1 is configured to include: the DC/DC converter
3 that converts the voltage supplied from the DC power
source 2 to the voltage for lighting of the LED light source 4;
the voltage detection unit 5 that detects the voltage applied to
the LED light source 4; the current detection unit 6 that
detects the current electrified to the LED light source 4; and
the control unit 7 that controls the operation of the DC/DC
converter 3, and it is configured as follows: the control unit 7
causes the DC/DC converter 3 to repeat the temporary stop
and temporary operation, in either one or both of the cases
where the output current detected by the current detection
unit 6 is decreased and where the output voltage detected by
the voltage detection unit 5 is increased during the normal
operation of'the DC/DC converter 3; checks either one or both
of'the output current and the output voltage at each time ofthe
corresponding temporary operation; and causes the DC/DC
converter 3 to normally operate if either one or both of the
decreased output current and the increased output voltage
become undetected before a predetermined number of times
of'the repetition is reached; and causes the DC/DC converter
3 to stop continuously if either one or both of the decreased
output current and the increased output voltage are detected
even when the predetermined number of times of the repeti-
tion is reached.

In this manner, since it is configured that the control unit 7
determines the occurrence of a disconnection if either one or
both of the decreased output current and the increased output
voltage are detected, and first causes the DC/DC converter 3
to stop temporarily, it is possible to suppress the over-current
at the time of the restoration from the disconnection, to
thereby achieve the LED lighting device 1 that induces no
deterioration in the LED due to the over-current. In addition,
since the over-current can be suppressed by the process of the
control unit 7, a conventional component for suppressing the
over-current is not used; thus, the low cost and compact LED
lighting device 1 can be achieved. Further, since the tempo-
rary stop and temporary operation of the DC/DC converter 3
are repeated the predetermined number of times for the check
of'the disconnection, it is possible to avoid the extinction due
to a false operation, to thereby enhance the reliability. Fur-
thermore, since the period for each temporary stop of the
DC/DC converter 3 is short, the illumination intensity of the
LED light source 4 is almost unchanged in the case of the
temporary disconnection.

Also, according to Embodiment 1, since it is configured
such that the continuous stop of the DC/DC converter 3 is
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maintained until the power supply from the DC power source
2 is stopped, the LED lighting device 1 that prevents the LED
light source 4 from blinking can be achieved even when the
disconnection occurs intermittently.

Also, according to Embodiment 1, the LED lighting device
1 is configured to include the output I/F 9 that informs the
failure-state display device 10 of the stop of the DC/DC
converter 3, after the repetition of the temporary stop and
temporary operation of the DC/DC converter 3 reaches the
predetermined number of times of the repetition and further
the DC/DC converter 3 is brought to the continuous stop. For
this reason, when there is of no influence on the travel of the
vehicle like, for example, a transient disconnection due to
vibrations, no notification thereof to the driver is ensured,
which enables to continue a safety driving operation without
diversion of his/her attention.

Embodiment 2

In the above Embodiment 1, in order to check whether the
disconnection is transient or continuous, it is configured that
the temporary stop and the temporary operation of the
DC/DC converter 3 are repeated the predetermined number of
times, whereas in Embodiment 2, it is configured that the
temporary stop and temporary operation are repeated for a
predetermined period of time. It is noted that since an LED
lighting device of Embodiment 2 has a similar configuration
in the drawing to that of the LED lighting device shown in
FIG. 1, the following will be described with the aid of FIG. 1.

Next, an operation of the LED lighting device 1 according
to Embodiment 2 will be described with reference to a flow-
chart shown in FIG. 8. Hereupon, in FIG. 8, Steps ST2to ST7,
ST10 to ST16, ST18 and ST19 are similar processes to those
in FIG. 3, and hence their descriptions will be omitted; the
description will be given focusing on particular Steps ST21 to
ST24 in Embodiment 2.

In Embodiment 2, a second timer is provided as a timer that
counts a repetition period of time (for example, 100 msec) of
the temporary stop and temporary operation of the DC/DC
converter 3. In an initial process (Step ST21), the control unit
7 resets the value of the second timer to be put in a stopped
state.

Then, when a disconnection is detected in Steps ST6 and
ST7 (Step ST7 “YES”), the control unit 7 initiates the opera-
tion of the second timer (Step ST22) and causes the DC/DC
converter 3 to repeat the temporary stop and temporary opera-
tion for 100 msec, to thereby determine whether the discon-
nection is transient or continuous (Steps ST23 and ST10 to
ST16).

Then, if a steady state of lighting is established during 100
msec, the disconnection becomes undetected in Step ST15
and ST16 (Step ST16 “NO”); thus, the disconnection
detected in the previous Steps ST6 and ST7 can be deter-
mined to be transient. Therefore, the control unit 7 performs
no particular control and resets and stops the second timer
(Step ST24), and the flow returns to Step ST2 to execute a
normal operation.

On the other hand, if the steady state of lighting is not
established and the disconnection is still detected though the
temporary stop and temporary operation of the DC/DC con-
verter 3 is repeated for 100 msec (Steps ST16 “YES”, ST23
“YES”), the control unit 7 determines that the disconnection
detected in Steps ST6 and ST7 is continuous and that an
abnormal situation occurs; then, the control unit causes the
DC/DC converter 3 to stop continuously (Step ST18) and
outputs the disconnection information to the failure-state dis-
play device 10 through the output I/F 9 (Step ST19).
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From the above, according to Embodiment 2, it is config-
ured as follows: the control unit 4 causes the DC/DC con-
verter 3 to repeat the temporary stop and temporary operation
in either one or both of the cases where the output current
detected by the current detection unit 6 is decreased and
where the output voltage detected by the voltage detection
unit 5 is increased during the normal operation of the DC/DC
converter 3; checks either one or both of the output current
and the output voltage at each time of the corresponding
temporary operation; causes the DC/DC converter 3 to nor-
mally operate if either one or both of the decreased output
current and the increased output voltage become undetected
before a predetermined period of time is reached; and causes
the DC/DC converter 3 to stop if either one or both of the
decreas